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A. semiconductor wafer (10) is provided with a 
planarization layer (14) which has its exposed surface (20) 
flatten by being engaged with a flat surface ( 19) on an anvil 
( 16), which may be temporarily supported on the layer (14). 
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METHOD AND APPARATUS FOR THE PLANARIZATION OF LAYERS ON SEMICONDUCTOR 
SUBSTRATES 

This invention relates to method and apparatus for use 
in the treatment of semiconductor substrates and in 
5 particular, but not exclusively, when layers are deposited 
and etched on the substrate. 

During the formation of semiconductor circuits on 
silicon wafers (and other semiconductors), a number of 
alternating layers of conducting and insulating films or 

10 layers is built up. The etching of the conducting layers to 
form interconnecting tracks causes an inherent "bumpiness" 
in the conducting layers. The application of a conformal 
dielectric layer to insulate one conducting layer from 
another enhances this surface "bumpiness". With reducing 

15 dimensions, the depth of focus of the lithographic equipment 
becomes incapable of accommodating the height variations 
caused by the lack of flatness in the built-up layers. 
Various techniques have been developed in an attempt to 
produce an insulating layer which gives a flat exposed 

20 surface ready for the next deposition. These include spin- 
on-glass; electron cyclotron resonance deposition; a 
planarisation treatment described in my International Patent 
Application No. PCT/GB93/01368 and chemical mechanical 
polishing. Only the last is capable of producing a surface 

25 which is flat within the terms accepted by the industry, 
typically optically flat, but it is a time consuming 
process . 
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In some of these techniques the insulating layer is at 
least for a time in a liquid state i.e. it is non-gaseous 
and capable of flowing at least at its exposed surface and 
at operational temperatures under moderate pressures. 
5 From one aspect the invention consists in a method of 

forming a flat layer on semiconductor substrate, comprising 
forming a layer on the substrate in a liquid state and 
engaging the exposed surface of the layer, whilst the layer 
is still in the liquid state, with a flat or smoothing 
10 surface such that the exposed surface is flatten to conform 
with the flat or smoothing surface. 

Preferably the flat surface and exposed surface are 
moved relative to one another to achieve engagement. In one 
embodiment, the flat surface may be formed on an anvil of 
15 sufficient mass to cause conforming flow in the layer. In 
this case the anvil may be suspended above the substrate and 
the substrate may be moved against the anvil to lift it from 
its suspended position. 

Alternatively, the flat surface and the exposed surface 
20 may be pressed together by pneumatic pressure e.g. ambient 
or atmospheric pressure. In this case the flat surface may 
be formed on a plate or the like. 

The flat surface and the exposed surface may be 
separated after flattening by gas or vapour being injected 
25 or formed between the surfaces. 

Preferably the method is carried out in a vacuum 
chamber in which the substrate is being processed. 

In another embodiment the smoothing surface may be 
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provided by a roller, which may be one of a pair of nip 
rollers. 

From another aspect the invention consists in apparatus 
for flattening a deposited layer, in a liquid state, on a 
5 semiconductor substrate, comprising a body having a flat or 
smoothing surface and means for causing relative movement 
between the flat or smoothing surface and the layer for 
causing conforming engagement between the flat or smoothing 
surface and the exposed surface of the layer. 
10 In one embodiment the apparatus includes an anvil 

defining the flat surface, means for suspending the anvil 
above the exposed surface and means for lifting the 
substrate so that it engages the exposed surface against the 
flat surface and lifts the anvil from its suspended 

15 position. 

In another embodiment the smoothing surface may be 
provided by a roller, which may be one of a pair of nip 
rollers. 

Although the invention has been defined above, it is to 
20 be understood that it includes any inventive combination of 
the features set out above or in the following description. 

The invention may be performed in a number of ways, 
specific embodiments of which will now be described, by way 
of example, with reference to the accompanying drawings, in 
25 which :- 

Figure 1 is a schematic side view of apparatus for 
flattening a layer, in, a liquid state, which has been 
deposited on a semiconductor substrate; the apparatus being 



WO 95/11521 



PCT/GB94/02326 



shown in its start position. 

Figure 2 shows the apparatus of Figure 1, with an anvil 

above the layer; 

Figure 3 shows the apparatus of Figure 1 with the layer 

5 and anvil engaged; 

Figure 4 shows the apparatus of Figure 1 in the 
separated position after flattening, and indicates a 

separation device; and 

Figure 5 illustrates schematically an alternative 

10 flattening apparatus. 

in Figure 1 a semiconductor wafer 10 sits on a wafer 
support 11 which is provided with lifting pins 12. As can be 
seen, the wafer 10 has already been subjected to some 
treatment and there is thus an etched conducting layer 13 
and a planarisation layer 14, which has been deposited on 
the conducting layer 13 and is still in a liquid state. 

As usual the support 11 is contained within a vacuum 
chamber (not shown) and a wafer transfer mechanism 15 is 
provided for moving wafers into and out of the chamber. An 
anvil 16 is suspended on the spatula 17 of the wafer 
transfer mechanism 15 by means of a frame 18. The 
undersurface 19 of the anvil 16 is optically flat. 

In Figure 2, the wafer transfer mechanism has been 
moved into the position in which it overlies the support 11 
and hence holds the anvil 16 with its surface 19 immediately 
above the exposed surface 20 of the planarisation layer 14. 

As can be seen in Figure 3, the pins 12 then lift the 
complete wafer 10 to engage the exposed surface 20 against 
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the flat surface 19. This engagement causes local conforming 
flow in the exposed surface 20, so that the hills and 
valleys 21,22 (see Figures 1 and 2) are smoothed out until 
the exposed surface 20 completely conforms with the flat 

5 surface 19* 

If the planarisation layer 14 is formed as described in 
International Patent Application No. PCT/GB93/ 01368 water 
vapour will be given off and in the reduced pressure 
conditions this should be sufficient to provide for 

10 separation of the surfaces 19 f 20 when the pins are lowered 
(see Figure 4) . However, if this does not occur, or if the 
system is used with some other planarisation layer, 
separation can be achieved or enhanced by introducing gas 
between the surfaces through line 23. 

15 The above mechanism is particularly convenient because 

it enables the flattening to take place within the chamber 
in which planarisation deposition took place and so it 
prevents the planarisation layer going off before flattening 
occurs. However, in other circumstances, it may be perfectly 

20 proper to have a separate flattening chamber and in that 
case a fixed flattening surface may be provided. In a 
further variation a thin plate may be placed on top of the 
planarisation layer and the pressure in the vacuum chamber 
raised so that the flattening force is essentially 

25 pneumatic. Conveniently the chamber can be raised to 
atmospheric pressure. 

Normally the planarisation will however take place at 
low temperatures and pressures and an appropriate anvil 
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temperature or its equivalent may be desirable or necessary. 

An alternative approach is illustrated in Figure 5. 
Here the wafer 10, and its deposited layers 13 and 14, are 
passed between nip rollers 24 to flatten the layer 14. The 
process could be achieved in single or multiple passes or 
the rollers could be reversed several times so that the 
wafer 10 moves back and forth between them. 
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Claims • 

1. A method of forming a flat layer on a semiconductor 
substrate comprising , forming a layer on the substrate in a 

10 liquid state and engaging the exposed surface of layer, 
whilst the layer is still in the liquid state, against a 
flat or smoothing surface such that the exposed surface is 
flatten to conform with the flat or smoothing surface. 

2. A method as claimed in Claim 1, wherein the flat 
15 surface and the exposed surface are moved relative to one 

another to achieve engagement. 

3. A method as claimed in Claim 1 or Claim 2, wherein the 
flat surface is formed on an anvil of sufficient mass to 
cause conforming flow in the layer. 

20 4. A method as claimed in any one of the preceding Claims, 
wherein the anvil is suspended above the substrate and the 
substrate is moved against the anvil to lift it from its 
suspended position. 

5. A method as claimed in Claim 1 or Claim 2, wherein the 
25 flat surface and the exposed surface are pressed together by 

the ambient pressure. 

6. A method as claimed in any one of the preceding Claims, 
wherein the flat surface and the exposed surface are separ- 
ated after flattening by gas or vapour being injected or 

30 formed between the surfaces. 

7. A method as claimed in any one of the preceding Claims, 
wherein the method is performed within a vacuum chamber. 

8. A method as claimed in Claim l f wherein the smoothing 
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surface is the surface of a roller. 

9. A method as claimed in Claim 8, wherein the substrate 
and layer are past through a pair of nip rollers. 

10. A method substantially as hereinbefore described, with 
5 reference to the accompanying drawings. 

11. Apparatus for flattening a deposited layer, in a liquid 
state, on a semiconductor substrate comprising a body having 
a flat or smoothing surface and means for causing relative 
movement between the flat or smoothing surface and layer for 

10 causing conforming engagement between the flat or smoothing 
surface and the exposed surface of the layer. 

12. Apparatus as claimed in Claim 11, including an anvil 
defining the flat surface, means for suspending the anvil 
above the exposed surface and means for lifting the 

15 substrate so that it engages the exposed surface against the 
flat surface and lifts the anvil from its suspended posi- 
tion. 

13. Apparatus es claimed in Claim 11, wherein the suspend- 
ing means include a semiconductor wafer transfer mechanism. 

20 14. Apparatus as claimed in Claim 11, including a roller 
for providing the smoothing surface. 

15. Apparatus as claimed in Claim 14, including a pair of 
nip rollers through which the substrate and layer may pass. 

16. Apparatus for flattening a deposited layer on a semi- 
25 conductor substrate substantially as hereinbefore defined. 
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